Field experiment was conducted at Instructional Farm, Jaguli (Mohanpur), Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India during two consecutive summer seasons of 2010-11, and 2011-12. The experiment was laid out in split-plot design having 4 levels of irrigationrainfed without mulch, rainfed with mulch, irrigation at IW (depth of irrigation water) / CPE (Cumulative pan evaporation) ratios of 0.5 and 0.75 in main-plot and 4 inter cropping systems, sole maize, sole mungbean, maize + mungbean (1:1 row ratio) and maize + mungbean (3:2 row ratio) considered as sub-plot treatments replicated thrice. Results revealed that application of irrigation and intercropping systems markedly influenced the growth, yield and yield components (number of cobs/plant, number of grains/cob in case of maize and number of pods/plant and number of seeds/pod in case of mungbean) where the maximum value of these components were recorded with the application of irrigation at IW/CPE ratio 0.75 in sole crop. Maize-mungbean in 3:2 row ratio yielded higher than that of 1:1 intercropping system which might be due to less light interception and more competition for water and nutrition between both the crops. CU of water increased with the increasing levels of irrigation and the maximum value (17.75 kg ha -1 mm -1 ) of WUE (water use efficiency) was observed with irrigation at IW: CPE ratio 0.75 under intercropping system of maize : mungbean in 3:2 row ratio followed by IW: CPE ratio 0.50. Among the sole crop, maximum WUE was with IW/CPE ratio 0.75 might be due to more consumption of water corresponding to production potential of maize, while, it was more under rainfed with mulch in mungbean. The relative crowding coefficient (RCC) also revealed both the intercropping systems were advantageous and the land equivalent ratio (LER) increased with the level of irrigation. Thus, maize grown in association with mungbean (3:2 row ratio) were found to be more profitable (B:C ratio of 2.58) with higher monetary advantage as compared to sole crop of maize (B:C ratio of 1.98) with the application of irrigation at IW: CPE ratio of 0.75 in new alluvial zone of West Bengal.
INTRODUCTION
Intercropping is considered the best means of stabilizing yield, crop production by increasing the productivity of land and also minimizing the risk of crop failure in dry lands. Many instances of better insect-pest and disease control have also been reported by Mandal et al. (1990) and Banik and Sharma (2009) through intercropping system. In India, agriculture is mainly based on monsoon that is mostly uncertain and unevenly distributed over the sub-continent. So, in such situation, proper scheduling of irrigation maintains the soil moisture at levels up to the crop needs. Maize (Zea mays L.) is one of the most important cereals after rice and wheat that shows great adaptability to wide range of agro-climatic regions and soil types. Among the pulse crops, mungbean (Vigna radiata L.) being leguminous, short duration pre-kharif crop with high quality protein (nearly 25%) could be well fitted in various intercropping systems. In view of the above context, this experiment was undertaken with the objectives to study the growth, yield and water use efficiency of maize and mungbean grown as sole and intercrop as influenced by levels of irrigation in this agro-zone.
MATERIALS AND METHODS
The experiment was conducted during two consecutive pre-kharif or summer seasons of 2010-11 and 2011-12 at Instructional Farm, Jaguli (Mohanpur) , Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India in upland situation. The soil of the region was nearly neutral with pH of 6.45 and sandy loam in texture. Physicochemical properties of the experimental soil up to the depth of 15 cm were studied to know the initial status before conducting the experiment (Table 1 ). The soil of experimental field was sandy loam in texture with moderate drainage facilities having medium fertility status and neutral in reaction (pH 6.45). The important characteristics were medium organic matter and total nitrogen content of 0.059%. The values of available P and K were determined 8.71 kg and 104.9 kg ha -1 , respectively. Besides, bulk densities values of soil at depths (0-15) cm, (15-30) cm, (30-45) cm and (45-60) cm were measured 1.45, 1.47, 1.49 and 1.52 g cc -1 , respectively.
Cultivars of maize and mungbean used were 'Deccan 105' and 'Sonali', respectively. Field experiment was carried out under irrigated conditions laid out in split-plot design with 4 levels of irrigation (main-plot treatments) and 4 cropping systems (sub-plot treatments) replicated thrice. Total number of plots was 48 each of 20 sq m area (5 m x 4 m) and irrigation channel was provided of 1.0 m width including 1.0 m of buffer channel in between main-plot irrigation treatments avoiding any water transfer by seepage among the adjacent plots.
In main-plot treatments, the levels of irrigation were as follows: I 0 = rainfed without mulch, I 1 = rainfed with mulch, I 2 = irrigation at IW/CPE ratio of 0.5 and I 3 = irrigation at IW/CPE ratio of 0.75 and 4 different intercropping systems under subplots were: C 1 -sole maize, C 2 -sole mungbean, C 3 -maize: mungbean maintained at 1:1 row ratio and C 4 -maize: mungbean maintained at 3: 2 row ratio, respectively. , test weight and seed yield (t ha -1 ) in case of mungbean were also recorded Furthermore, consumptive use of water (mm), water use efficiency (kg ha -1 mm -1 ) was also analysed using the following equations: Various competitive functions like aggressivity, land equivalent ratio (LER) and relative crowding coefficient (RCC) were also calculated to find out the yield advantages of the intercropping systems. Aggressivity was calculated using the following formula: 
Where, K ab = Co-efficient of species 'a' in presence of species 'a'
Where, K ba = Co-efficient of species 'b' in presence of species 'a' and the yield advantage was decided from the product of the co-efficient i.e., K = K ab x K ba
And finally the economic analysis revealed the monetary advantage of the intercropping systems.
Statistical analyses of data were carried out by using MSTAT and critical differences at 5% level of significance were calculated following Gomez and Gomez (1984) .
RESULTS AND DISCUSSION Growth characteristics of maize and mungbean
Among the growth attributing characters, plant height, dry matter accumulation, CGR (crop growth rate) and LAI (leaf area index) of both the crops were observed (Table 2 & 3). The different frequencies of irrigation influenced the plant height of both maize and mungbean particularly during the later stages showing positive response over the rainfed treatments. Plant height increased with increased levels of irrigation at 60 and 90 DAS (days after sowing) and harvest in maize whereas in case of mungbean 60 DAS and at harvest. Among the irrigation levels, irrigation at IW: CPE ratio of 0.75 (I 3 ) resulted in tallest plants in both the crops and shortest plants were observed in no irrigation without mulch. Alam et al. (1985) and Prasad et al. (1987) found increased plant growth due to frequent watering of field crops. However, plant height values in I 3 were at par with I 2 (irrigation at IW: CPE ratio of 0.50).
Among the inter cropping systems, maize and mungbean maintaining row ratio of 3:2 (C 4 ) recorded the maximum plant height followed by 1:1 row ratio (C 3 ) and sole maize (C 1 ). This might be due to the presence of mungbean in the intercropped situations that being leguminous in nature added to the nitrogen reserves of the soil. On the contrary, mungbean plants showed maximum plant height in sole crop (C 2 ) followed by C 3 and C 4 treatments where C 2 treatment, comprises of mungbean faced no competition. Irrigation had favourable influence on LAI of both the crops and I 3 (IW: CPE of 0.75) treatment maintained the greatest LAI value which increased with crop age and decreased at maturity (Table 2 and 3). Singh and Sridhar (1989) also reported similar results. Lowest LAI was recorded in rainfed and no mulch conditions. The highest LAI was shown by maize grown in 3:2 row ratio, while, sole mungbean gave maximum value at 60 DAS. CGR (crop growth rate) values of the crops showed similar trend as the leaf area indices value
Yield attributes and yields of maize and mungbean
Among the yield components, application of irrigation water at IW: CPE ratio of 0.75 (I 3 ) had favourable influence on LAI and dry matter accumulation resulting in greater number of cobs per plant in maize and pods per plant in mungbean (Table 4) . These results were in conformity with those observed by Roy and Tripathi (1987) . Length of the cob and number of grains per cob was recorded highest in I 3 treatment. Bajwa et al. (1987) also reported the same trend. However, no significant variations were observed in the test weight values of both the crops due to treatment effects, which might be the genetical characteristics of plants, although highest value was with I 3 irrigation level (Table 4) .
Irrigation improved the grain and seed yield of maize and mungbean, respectively due to improvement in their yield attributing characteristics. The highest grain yield was recorded in case of I 3 irrigation level because irrigation was given at critical physiological stages of both the crops. Similar results were reported by Trivedi et al. (1994) . However in mungbean yield difference between I 3 and I 2 treatments were negligible.
With respect to the intercropping systems, treatments C 4 (3:2 row ratio) in case of maize and sole mungbean (C 2 ) significantly had higher values of yield components and thereby increased yield. Between the two intercropping systems, 3:2 yielded higher than of 1:1 row ratio because maize was more dominating crop than that of mungbean. The values of maize yield as affected by intercropping system were similar to that stated by Shahbazi et al. (2012) .
Consumptive use (CU) of water and water use efficiency (WUE)
There was a general trend that the CU of water in both the crops either sole or intercropped increased with increasing levels of irrigation and therefore, I 3 treatment recorded the highest value of consumptive use of water (Table 5) . Supply of higher levels of moisture in soil through irrigation resulted in increase in evapotranspiration losses which caused greater CU of water in both the crops. Similar observations were made by Singh et al. (2006) and Idnani et al. (2008) on mungbean. But in the present investigation, irrigation levels influenced the WUE of both the crops in respect to their crop yield. Among the sole systems, highest value of WUE recorded in I 3 in case of maize and I 2 in case of mungbean probably due to corresponding water use that produced moderate yield, resulted maximum effective utilization of water. Minimum WUE was recorded in treatment I 0 .
Inter cropping systems appreciably influenced consumptive use of water (CU) by the crops which was recorded the highest in case of sole maize (252.49 mm) and lowest in sole mungbean (118.93 mm) but showed nearly equal CU as intercrops (Table 5 ). Among the sole systems, highest WUE was with maize, while lower value obtained with sole mungbean. CU of water increased with the increasing levels of irrigation and the maximum WUE was observed with irrigation at IW: CPE ratio 0.75 under intercropping system of maize: mungbean in 3:2 row ratio followed by IW: CPE ratio 0.50. Among the sole crop systems, maximum WUE was with IW: CPE ratio 0.75 might be due to more consumption of water corresponding to production potential of maize, while, it was more under rainfed with mulch in case of mungbean. However, among the intercropping systems, the highest was in I 3 C 4 treatment combination (17.75 kg ha -1 mm -1 ) followed by I 3 C 3 (15.27 kg ha -1 mm -1
).
Aggressivity, Relative crowding coefficient (RCC) and Land equivalent ratio (LER)
The values of land equivalent ratios (LER) in table 6 depicts that both the intercropping systems gave highest value with irrigation at IW: CPE ratio of 0.75 and maize: mungbean at 3:2 gave more LER value than 1:1 combination. Besides, it decreased with decrease in frequency of irrigation. The treatment combination I 3 C 4 gave 13% and I 3 C 3 gave 8% yield advantage over the sole crop systems.
Since LER is perhaps the most appropriate measure for getting the total productivity on per unit area based on the yield of intercropping over mono-cropping at a given level of management. In this experiment maize grown in association with mungbean at 3:2 row ratio (I3C4) were found more profitable under adequate supply of irrigation water.
CONCLUSION
Results of the experiment showed that application of irrigation water and intercropping system remarkably influenced growth and yield of both the crops which resulted in maximum with irrigation applied at IW: CPE ratio 0.75 obtaining higher value of water use efficiency. Among intercropping systems, maize-mungbean maintained in 3:2 row ratio yielded better than that of others including sole system. Aggressivity study indicated that maize was the dominant species over mungbean and more advantageous in respect to other associated characters. Thus, maize grown in association with mungbean in 3:2 row ratio was found to be more profitable and advantageous due to more land sharing under intercropping system as well as application of irrigation at IW: CPE ratio of 0.75 in new alluvial zone of West Bengal.
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